UNCLASSIFIED

AD NUMBER

AD009714

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Operational Use; 08 APR 1953.

O her requests shall be referred to Ofice of
Naval Research, Arlington, VA 22203. Pre-dates

formal DoD distribution statenents. Treat as
DoD only.

AUTHORITY

ONR I'tr dtd 26 Cct 1977

THISPAGE ISUNCLASSIFIED




UNCLASSIFTED

AD o

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANDRIA. VIRGINIA

DOWNGRADED AT 3 YEAR INTERVALS:
DECLASSIFIED AFTER 12 YEARS
DCD DIR 520010

UNCLASSIFIED



THIS REPORT HAS BEEN DECLASSIFIED
AND CLEARED FOR PUBLIC RELEASE.

DISTRIBUTION A
APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED.




Al

riisid Coliega
"——‘i*ig;_ U

pagmees . G

VAANUARY 1953 < 7 APRIL 1083 5

TROMCT Nlowe + 72400 AUTHORITY. NR O74- 171



8 April 1953

Physics Denartment

TO? Office of !Taval Ilesearch
Department of the Navy
1000 Ceary Street
San Francisco 9, Califarnia

FROIe We Po Dyke
‘Head, Physics Dapartment
Linfield College
ileliinnville, Oregon

SIIBJECT & tmarterly Status Report, Project ¥8-onr-72LCY
Period from 1 January 1953 to 1 April 1953,

The work under subject contract during subject period has: concerned
“a-farther-study of phenomens accofrranymg the field emission of very
large -current densitiese This work has-dincluded the completion of a
corrarisen between experiment and thecretical study concerning the
eflfects of space charge on field emission. A nevx-_th_eoretical treatment
of the emission of elesctrons from metal in the presence of high temperatures
and higl. electric fields has been completed, A com~arison between that
theory and new evperiments is well along towards cormletion. Two
additional publications have been submitted concerning the field emission
initiated vacuum arc between metsl electrodes in Jigh vacuum. Cther
publications are in progresse Dre We. V. Dolan of the ilathematics Department
of the Cellege has replased ilr. 3arney on the pr ject payroll for the time
being in order to expedite the foregoing theoretical studies.

1. FPUBLICATIOIS.

The paper "Field EFmission: Large Current Jensiities, Space Charge,
and the Vacuum Arc" by Dyke and Trolan appeared in the 15 February 1953
Physical Review, eprints are available and covers are beinrg prepared
in order to circulate these reprints to the subject project distribution
list as Technical leport 2.

The paper "The Field nitter: Iilicroscopy, Fatiication and Electric
eld Cal.culations" by Dyke, Trolan, Dolza and Barnes, is scheduled
or publication in the May issue of the Journal of Applied Thysicse.

The vapers "On the Field Emission Initiated Vacuum Are", Part I by
Byke, Trolan, liartin and Barbour, and Part II by Dclan, Dyke and Trolan
have been submitted for mmblication in the Physical Review.
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At low voltaze the positive terms cf Eq. (1) are negli idble, and
the relation reduces to V = F.x, the eypected form in the absence af
sprece charges At sxfficiently hizh V, the negative terms are negligible,
and the ejuation rednces to a equivalent of Child's equationt

3= (W) v3/2 ~ - A{2)

which is well knowa in thermionic emission. At intermediate voltages
sclntions of Eq, (1) may be obtained by gumerical spproximation, and the
remults nlotted in *erne of loz J va, 10°/F for comiarison wita the

Rl er=ilordheim characteristice Such a camarison gppears in figure l.
In the fipure, AE is the expected Fowler-Nsxdheim line without space
charge; 3D is a graph of Child's equation {(2); ACD is the graph of

e 15“ In this celrulation the value of = is so chosen that the
surface field (epece charge nerlected) is equal to that encovtered in
a siven experiment; tais requires that x = l/(A where {‘5-53 the geametric

Plgure 2 is a gomrarison of the experimental data already cited fram
a previous report (c , T4th the corresponding curves predicted by Bqe (1)
The various work functions § in Curves 1-4 correspond to di{ferent degrees
of barium coatin: on the tungsten emitter, The experimental points have -
been re-plotted in terms of loz ' J instead of log I by use of the emitiing
area as revealed through electron micrographs. Curve 5 is a graph of
Child?!s equation for comparieon.

Figure 3 is a series of plots using the present theory {(Eqe 1) for
work tunctions L.35, L.50, and 4,65 ev, corresponding respectively to
accepted values for the (310) crystal face of tungsten, the average value
in the neighborhood of 20 K.V, The value of /> here used was that lor
Emjtter Q-56, Emission pattern photorraphs of this emitter (not reproduced
here) show that the usuel dark arvas characteristic of tiic weakly emitting
(211) crystallographic direction disappeared at abont 19 V., wien the
entire pattern was ncarly uvniform except for the central (110) spot, whose
work function is thought to be 5,0 ev or highere This observod ™iashecut®
of nettern detail is thus demonstrated to be consistent ar7ith the present
theory,

As noted above, this work is in preparation for su'xrission to the
Fhysical Review, The adecuacy of the present theory to account for the
observed experimental reslts sugcests that further work concerning the
effects ol snace charge >n the cold cathode field emissici *41i ncie be
recuired at this time. Project effort will instead be concentrated on
problans described in the following sections,
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3. ‘J.'HE KISSION OF ELECTRONS FROU METAL AT HIGH TEITFRATURES AMD
BTG FIRIES, T

Erevi_m_xa reports .and published papers (see reference 1, also

paragTapl 1 hepewith) have pointed out experimental evidence that the
normal field emission is zppreciably increased whea the emitter is
res:.stn:ely heated leading to-electrical breskdown. Since the existing
Titersture conteins only scstiered and partial theoretical zreatments of
eaission uncer simultaneous-high field end high temperature, an investi-

getion of the problem has-been undertaken- heres

Thegeneral principles of such emission are well knowns The current

density 44 __iven by -mteﬁral of the form
Tse 3( iu:e) D(e)de . )

llere ¢ is’a combination of '\Tﬂ-ﬁﬂﬁ Constan#n:- the variable & s
elaciron enexm due to mo’rmn normal to the metzl surface, = neasured

from a origin at the top - Femi levels The function A(€} renresents

the swiplr-of_ electrons in tie metal based on the Ferni-Dirac -statistical
"'@}S’i‘ibutlon, and is.2 functien of temperature Te D(€) is the trangmission
coeificient or probability of nenetration of the surface notential
oa;'rinr, it isthe function of surface electric fiéid F but not of To

D{ &) iims been varzously calculated by several authorss vhose resnlts are
riot in serinhl§ d::sarreemenu. m’ﬁze—fem—use" here is that of Som.nerfeld
~ar'£d“ﬁethe, » ‘mmd it should be. pointed out that ¥ésults depend m-the
‘assumption of a potentigl barrier: compatible with theirs.

:The oroduct A(€) D(&) is not readily ‘integrated -in the g,enczlal
-C€ase, though results for the extreme cases of high T and low 7 ("pure
thermionic emission®) and of hizh F-and low T ("cold field emxssmn“) are
wiell knovn. iumerical integration of the function in the general case,
using Simoson's formula, has been vsed here with accrracy at least comparable
writh that of the corresponding esperimental data, The nredicted results
for a variety of temperatures and fields, as drplied to pure tungsten of
word: tunction g = 14450 ev, are graphed in Figure he This figure compares
favorably with the corresponding results of Guth and Mullin ( over the
restricted range possible by their method.

It is notable that the temperature effect is very grest at fields
near the lower limit of present experimental work, cecreasing to an
almost neslinrible effect at the upper lir"i'b of the range. Experiments
are in progress for the verificziion of this theory; early results indicate
general agreement

he A. Sommerfeld and ’l. Tethe, !landbuch der Physik (J. Springer, 2erlin,
1933)’ vol. K:{IV, lOt 2, U: h‘hlc
5o E. Guth and €, J. iullin, Phys. .deve 61, 339 (19L2).
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Incidental to the integration process, curves have been drawn for
the energy distribution of the emitted electrons (the areas under these
are proportional to current density)s The curves are of interest in
themselves as giving an accurate description of the shift of ithe energy
level of maximum emission from near the Fermi level for low temperatures
to the top cf the potential barrier for high temperatures,

A considerable experiﬁental'programgisrneaded to verify several

aspects of this theory.

ie-Po Dyre
Director of lesearch
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